All reported natural isolates of the marine fish pathogen Vibrio salmonicida contain plasmids, and in another marine fish pathogen, Vibrio anguillarum, it has been shown that a plasmid is important for expression of virulence by the organism. To study the function of the plasmids in V. salmonicida, we developed a gene transfer system based on the plasmid RSF1010 replicon. The gene transfer system was used to construct a plasmid-free strain, and this strain was found to behave similarly to the wild type in a fish pathogenicity test based on intraperitoneal injection of the bacteria. We were unable to detect any other phenotypic differences between the two strains. It could therefore be concluded that at least in the V. salmonicida strain tested, extrachromosomal DNA is not required for expression of virulence.
Several bacterial species belonging to the genus Vibrio are known to be fish pathogens, and one of these, Vibro anguillarum, has caused serious losses worldwide in fish farms (16) . A plasmid-associated virulence factor has been identified in this bacterium, and cells containing the plasmid (designated pJM1) can grow in the presence of the ironsequestering protein transferrin at concentrations that do not permit growth of the corresponding plasmid-free strain. In addition, it has been shown that curing of the plasmid results in a drastic reduction of the virulence of the organism (3).
Another fish pathogenic Vibrio species, Vibrio salmonicida, appeared for the first time in Norwegian salmonid farms around the island of Hitra in 1979 (7) . In the following years, this organism caused serious losses in fish farms along the western and northern coastline of Norway and in Scotland (2, 6) . V. salmonicida has (similarly to V. anguillarum) been analyzed with respect to its content of extrachromosomal DNA, and these experiments showed that all natural isolates contained plasmids. The majority of the strains contained two, three, or four different plasmids, while a few strains contained only one (15, 18) . The apparently universal presence of extrachromosomal DNA in V. salmonicida, and the fact that a plasmid is essential in V. anguillarum virulence, might indicate that a plasmid is essential in V. salmonicida virulence. We describe in this article a plasmid incompatibility method which could be used for plasmid curing in this organism. Atlantic salmon were infected by intraperitoneal injection of one of these plasmid-free derivatives, and the development of disease was compared with that of a similar experiment involving the corresponding plasmid-containing strain. The results of the experiments show that both strains behave similarly with respect to their ability to induce disease in Atlantic salmon, and, in addition, we were not able to detect any other differences in the phenotypes of the two strains. (4) .
Growth of bacteria, construction of pPV14, and conjugative matings. Cells were grown with shaking in LB (12) at 37°C (E. coli) or in Difco marine broth (MB) at 14°C (V. salmonicida). The attempts to develop a system for conjugal plasmid transfer from E. coli were initially unsuccessful, and the reason for this was that we were not aware of the temperature requirements for the transfer process (see below). Before this point became clear, we were concerned that the antibiotic resistance markers might not be expressed in V. salmonicida, and we therefore constructed a plasmid derivative (pPV14) in which the gene encoding chloramphenicol resistance was expressed from a V. salmonicida promoter. This was done by cloning (in a BamHI site) random Sau3AI-generated fragments from total V. salmonicida DNA 5' of the promoterless cat gene in plasmid pAL200. Plasmid pPV14 was selected on the basis of its high level of expression of chloramphenicol resistance in E. coli, and further analysis showed that pPV14 contained a 100-to 150-bp DNA insert in the BamHI site.
Matings were performed by harvesting exponentially growing cells by centrifugation and then resuspending them in MB. Cell growth was monitored by optical density measurements, and the growth medium used for V. salmonicida was centrifuged prior to inoculation to remove particles that interfered with the optical density measurements. Plasmid pRK2013 was used as the mobilizing plasmid for the two pAL200 derivatives (pPV14 and pPV14.16), and the matings were performed triparentally by mixing DHI(pRK2013), DHI(pPV14/pPV14.16), and TEO 83.001S. Approximately 10 cells of each organism was filtered onto a membrane (Millipore, catalog no. HAWP02500), and the membrane was incubated on agar medium (MB supplemented with 1.5% agar) for 2 to 5 h at 22 to 25°C. These temperatures were too high to allow growth of V. salmonicida but proved to be necessary for plasmid transfer to take place. The likely reason for this is that E. coli is inefficient as a donor at the temperatures optimal for growth of V. salmonicida (7) . After the incubation, the cells were resuspended in MB and grown overnight at 14°C. The cells were finally plated on MB agar medium supplemented with 500 p,g of streptomycin per ml plus 1 p,g of chloramphenicol per ml and incubated for 2 to 3 days at 14°C. Further analysis of the phenotypes of the transconjugants showed that they also expressed tetracycline resistance in V. salmonicida.
Recombinant DNA techniques. The isolation of plasmids from V. salmonicida was performed as described previously for Acetobacterxylinum (17) . The isolation of plasmids from E. coli, agarose gel electrophoresis, cloning, transformation, labelling of DNA by 32P nick translation, and Southern hybridization (stringent conditions) were performed by standard methods (12). Heteroduplex formation and electron microscopy of DNA was performed by the method of Davis et al. (5) , and DNA sequencing was performed by the method of Sanger et al. (13) . For this last analysis, we used primers homologous to the vector (pBR322) near the HindlIl site, and only one strand in each region was sequenced.
Analysis of V. salmonicida virulence and serotyping. The virulence tests were performed as described previously (14), and the serotyping was performed by the method of Espelid et al. (8) . tions (the 4.4-and 3.8-kb fragments), and the analysis showed that such structures were formed, indicating that there exists a homologous sequence of approximately 1 kb at the ends of the two fragments (Fig. 3) . We also sequenced between 200 and 300 bp at the ends of each of the three RESULTS Physical characterization of the plasmid present in strain TEO 83.001. V. salmonicida TEO 83.001 contains only one plasmid (here designated pVS1), and we have used this strain as a model in our experiments. A restriction endonuclease map of pVS1 was constructed (Fig. 1) , and the map shows that the molecular size of the plasmid is about 11.5 kb, a value which was significantly lower than the size (10 MDa = 15.4 kb) reported previously (18 (18) , but this does not necessarily mean that pVS1 is unique at the DNA sequence level. We analyzed this problem by hybridizing radioactively labelled pVS1 DNA against plasmid DNA from other natural isolates of V. salmonicida (Fig. 4) . Lanes (15) . As can be seen, the 32-kb plasmid appears to contain a weak but significant sequence similarity with sequences in pVS1. Lanes 5 and 6 demonstrate that plasmid pVS1 DNA hybridizes strongly against one of the smaller and most frequently occurring plasmids (5 kb), here represented by strain LFI 024. The plasmid profile in this strain corresponds to the profiles in the previously reported strains NCMB 2262 and HI 11366-1 (15) . Finally, lanes 7 and 8 show that pVS1 hybridizes equally strongly against the slightly smaller plasmid (4 kb) present in strain LFI 029 (whose profile corresponds to strain HI 9724, reported previously by S0rum et al. [15] As an alternative method for plasmid curing, we developed a method which involved the use of plasmid incompatibility to construct a plasmid-free derivative of TEO 83.001. Such methods first require development of a gene transfer system for the organism, and we have tested broad-hostrange plasmids from incompatibility groups P1 and Q for their ability to transfer to and replicate in a spontaneous streptomycin-resistant derivative (TEO 83.001S) of V. salmonicida. E. coli was used as the donor in these experiments, and we found that the IncQ-based replicon pPV14 could be transferred efficiently (frequencies of 10-' to 10' per recipient cell) to V. salmonicida provided that the mating conditions were carefully controlled. The tested IncP plasmid (RP4) could not be transferred to V. salmonicida or was transferred very inefficiently.
The establishment of a gene transfer system for V. salmonicida opened the possibility of using more efficient approaches for obtaining a plasmid-free strain. The method we used first involved cloning BglII-generated DNA fragments (6.5, 4.6, and 0.5 kb, respectively) from pVS1 into a unique Bglll site of pPV14. The idea of this approach was that one or more of these fragments would, it is hoped, exert an incompatibility effect which could be used to induce loss of the original plasmid. One of the recombinant plasmids (designated pPV14.16), containing the 6.5-kb DNA fragment from pVSI, proved to have such a property. Figure 5 shows the results of an analysis of BglII-digested plasmids from the different V. salmonicida strains generated in the gene transfer experiments. Lane 1 represents pVSI, isolated from TEO 83.001, while lane 2 represents pPV14, isolated from E. coli. Lane 3 represents the plasmids isolated from TEO 83.001S(pPV14), and this analysis shows that both pVSI and pPV14 are present in this V. salmonicida cell line. Lane 4 shows the BgllI-digested plasmids from a clone isolated after growth of strain 83.001S(pPV14. 16) (10) . The distances between the internal HindlIl sites are consistent with this model, particularly if one assumes that the element originated from the smallest plasmid.
Virulence tests and serotyping experiments gave no evidence in support of the hypothesis that plasmids are required for the virulence of strain TEO 83.001. We also tested the sensitivity of growth for this strain and its plasmid-cured derivative in the presence of the iron-binding protein transferrin. Both strains grew slowly in the presence of 1 ,ug of transferrin per ml, while none of the strains grew in the presence of 10 ,ug/ml (data not shown). These experiments thus indicated that plasmid pVSI probably does not encode the equivalent of the iron-sequestering system present in V. anguillarum (3) . The previously reported speculations on a possible correlation between virulence and plasmids in V. salmonicida (18) are therefore not supported by the experiments described here.
The virulence tests reported in these experiments were performed by intraperitoneal injections of the bacteria. It is therefore difficult to exclude the possibility that the plasmids may be of some importance when the bacteria are invading the fish from the external environment. Similarly, our experiments do not exclude the possibility that plasmids present in other strains of V. salmonicida are required for virulence. 
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On the other hand, this latter hypothesis does not seem very likely, since no difference has been found between the virulence of TEO 83.001 and other tested natural isolates of V. salmonicida (unpublished results). One way to obtain more information about the biological function of the V. salmonicida plasmids would be to carry out a more extensive analysis of the DNA sequences in the plasmids. Alternatively, a more detailed comparison of potential phenotypic differences between TEO 83.001 and its plasmid-cured derivative might represent a useful approach. The outcome of such experiments is, however, uncertain, and it may therefore prove to be a difficult task to obtain definite information about the role of the plasmids in V. salmonicida. 
